Orione tools and workflows

General purpose and custom tools
In addition to the NGS data analysis tools available in the Galaxy main instance (see e.g. the NGS Toolbox section of Galaxy's left panel at https://usegalaxy.org/), Orione consists of a curated selection of state-of-the-art software for downstream analysis of NGS microbiology data. Moreover, a set of specialized custom tools were developed with the main aim of adding to Orione those missing functionalities that are instead relevant for creating microbiology specific analysis pipeline. As an example, Orione custom tools enable users to retrieve and format data from various sources, to examine, analyze, and process input data, and to facilitate post assembly and genome annotation 1 . A complete list of all the Orione tools is accessible through the Orione's left panel at http://orione.crs4.it .
The suggested mode of use of Orione is through registration or through a collaborative research agreement (CRA). For more information please contact the authors.
Supplementary table 2 provides a summary of tools we implemented or for which we only wrote the wrapper to make them available in Orione. All these custom tools and wrappers can be downloaded from the main Galaxy Tool Shed http://toolshed.g2.bx.psu.edu/ and installed in a custom installation of Galaxy. Development of these tool is carried out at https://bitbucket.org/crs4 .
Supplementary table 3 instead contains a list of tools which have been made available in
Orione, for which the corresponding wrappers were downloaded from the main Galaxy Tool Shed.
Supplementary table 2. Tools either implemented or wrapped by us.
Tool
Reference BAM to consensus [11] BLAT [20] Check bacterial contigs this work
Check bacterial draft this work CISA [22] Edena [23] EDGE-pro [24] 1The "Learn" section (https://wiki.galaxyproject.org/Learn) of Galaxy's website is a good entry point to acquire the minimum knowledge that permits to use Orione in a successful way. In that website one can find information on how to load data, how to use the tools interface as well as hints on how to start using Galaxy proficiently. 
Workflows
Galaxy workflows allow the user to combine different tools into reproducible processing pipelines that can run automatically over different set of data, without the need of resetting parameters. We prepared a set of workflows that cover the main Orione functionalities: preprocessing, bacterial de novo/re-sequencing, RNA-Seq and metagenomics. In the description of the workflows the tools used in each step are indicated in brackets. A live version of the supplementary material with links to the workflows described below is available on the Orione web-site at http://orione.crs4.it/u/puva/p/orione-live-supplement.
Workflow #1: Pre-processing Quality of reads is essential for downstream analyses. Mapping/Assembling artifacts arise from errors in basecalling, primer/adaptor contamination, and poor quality reads. To improve the overall dataset quality this workflow is composed by three steps of trimming/filtering. First adapter removal, followed by trimming by quality with an appropriate filtering for maximum and minimum allowed reads length. The final filtering step is based on the reads composition, in order to filter out all low complexity reads. To strictly retain mate matching integrity of the forward and reverse reads files all data are processed in paired-end data mode. Furthermore, to monitor the outcome of the process, two steps of quality check are placed at the beginning and at the end of the workflow.
Input:
• Raw FASTQ paired-end reads Output:
• Processed FASTQ paired-end reads Steps: 1 Workflow #2: Bacterial re-sequencing When a suitable template is available bacterial genomes can be assembled by mapping algorithms. We based this Orione workflow on the BWA aligner since it accepts both pairedand single-ends reads and it permits gapped alignment. Furthermore, the last version of BWA (0.7.5a) includes three different algorithms optimized for different reads length (aln, mem, bwasw) allowing users to customize the workflow according to the sequencing platform used for generating data. The outline of the workflow can be described as follows. First, reads are aligned against a reference genome. Then, the alignment file is used to derive a consensus draft sequence and a list of variants (including indels) with respect to the reference. Contigs are extracted from the draft and submitted to the SSPACE (for paired-end reads) or SSAKE (for single-end reads) scaffolders. Scaffolds are subsequently width formatted, aligned to the reference genome by Mugsy and finally annotated by the Prokka annotation tool. Basic statistics are calculated in each key step (draft, contigs extraction, scaffolding) by the appropriate Check bacterial draft/contigs tool. In case of need, a simpler workflow, where contigs are neither extracted from the draft not scaffolded and in which the draft sequence is directly annotated by Prokka, can be extracted from the present workflow skipping steps from 6 to 12.
• Processed FASTQ reads • Reference genome Output:
• The workflow can be easily customized by the user. As an example, to align long reads with LASTZ instead of BWA-MEM, step 1 can be replaced by "step 1a -FASTQ to FASTA conversion" and "step 1b -LASTZ mapping". In addition, the alignment of the scaffolds against the reference genome (step #10) can be performed by Mauve [8] . Finally, the scaffolds can be eventually integrated with the scaffolds generated by de novo assembly using CISA [22] .
Workflow #3: Bacterial de novo assembly
This workflow performs a de novo assembly of bacterial genomes using multiple de novo assemblers including Velvet [39] , a de novo genomic assembler specifically designed for short read sequencing technologies, ABySS [32] and SPAdes [29] . In this workflow Velvet runs three times with different k-mer values. The contigs produced by each Velvet run are first merged and then clustered at 1.0 value of similarity using the CD-HIT tool. Contigs obtained with the different tools are then integrated using CISA [22] . Basic statistics are calculated over the combined contigs using the "Check bacterial contigs" tool. Finally, the obtained sequences are annotated using Prokka producing files ready to submit to GenBank.
Input:
• Processed FASTQ reads Output:
• 
• Normalized gene abundances (txt) Steps:
1
. Retrieve files for EDGE-pro [Get EDGE-pro files] 2. Estimate gene abundances [EDGE-pro]
Workflow #5: Metagenomics Understanding the community structure of microbes is typically based on 16S gene sequences. Following this approach, the present workflow maps reads to NCBI 16S database using NCBI BLAST+ blastn, a tool that works with both Illumina and 454 reads, and returns alignment in a format which is easy to manipulate. This choice is also motivated by the fact that the blastn does not have limitations in the database size as other aligners such as Bowtie has. This allows the user to choose the appropriate data base (16S microbial or all bacterial sequences) so that the workflow can be of general use. The blastn results file is then filtered to retain significant matches. Reads names and best matching GI code are then passed to the metagenomics Galaxy tools for taxa assignment, which is based on NCBI taxonomy. Galaxy tools also allow to identify the lowest common ancestor and to draw a phylogenetic three with leaves abundance. Due to reads noise or suboptimal matching, the resulting trees are usually highly branched and with a confused pattern. To filter results from taxa assignment for example on the basis of relative abundance, an Orione custom tools is then applied. The results are then converted into interactive pie-charts generated by Krona. Benchmarking of the above approach is provided by processing data using MetaPhlAn, a tool based on taxonomic informative tag sequences that has been recently used in the Human Microbiome Project [40] .
Input:
• Taxa 
Workflow #6: Metatranscriptomics
This workflow prepares the reads from meta-transcriptomic experiments by removing the reads mapping to ribosomal RNAs and host genome from the input data. The remaining reads are aligned against the Bacterial section of UniProtKB. The results of the alignment, in standard tabular format, can be summarized using external tools such as Blast2Go [41] or MEGAN [42] .
Input:
• Results of BLAST search Steps:
1. Remove reads aligned against ribosomal RNA dataset using Bowtie2 PE, paired-end; SE, single-end.
As the initial step, we increased the overall quality of the datasets by preprocessing the reads with the above mentioned "Pre-processing" workflow using the following parameters.
• trimming by nucleotide quality > 20
• filtering by average read quality > 20
• filtering by minimum read length > 35nts
• complexity filtering by forcing monomer, dimers and trimers frequencies (80%, 30% and 20%, respectively)
Since these tools require an input in FASTQ format, files from 454 Roche (.fna and .qual) were combined in a single FASTQ file by the "Combine FASTA and QUAL Into FASTQ" tool.
To continue, we run two different analysis workflows on each dataset with the aim of reconstructing the bacterial genomes using either reference-based or a de novo approach. Results are described in the following sections.
Bacterial re-sequencing
Preprocessed reads were mapped against the appropriate reference genome by using BWA-MEM. Once converted to the BAM format using the "SAM to BAM" tool, the alignment files were submitted -together with the reference genome -to the "BAM to consensus" tool and a draft consensus sequence built via the SAMtools mpileup command and BCFtools. The quality of the draft genomes (evaluated by "Check bacterial draft") and of the contigs after scaffolding and extension steps (evaluated by the "Check bacterial contigs") are summarized in Supplementary * Contigs from PE reads were scaffolded using SSPACE. Contigs from SE reads were extended using SSAKE.
Almost all samples were assembled in a satisfactory way, providing very few contigs, small gaps amount and an high N50 value.
Bacterial de novo assembly
Alternatively, a de novo assembly has been performed for all the preprocessed reads using workflow #3 devoted to bacterial de novo assembly. The de novo approach returned a high number of contigs for each sample. To increase the quality of the assembled genomes, the results from multiple de novo assemblers (ABySS, Velvet and SPAdes) were integrated using the "CISA Contigs Integrator" tool.
